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Tuesday, March 8, 2011 445athat this enhancement is lost in kif12 nulls. We propose that spindle signaling
proteins, such as Kif12, can be recruited to mechanically stressed region
through the mechanosensing system. Upon recruitment to the stressed furrow
cortex, spindle signals then may augment the localization of myosin-II to the
cleavage furrow. Therefore, the spindle signals and mechanosensing work syn-
ergistically as a feedback control system that regulates cytokinesis.
Cytoskeletal Protein Dynamics
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Pattern Formation in Active Fluids
Justin S. Bois, Frank Ju¨licher, Stephan W. Grill.
Motivated by the dynamics of the actomyosin cell cortex in which stress gener-
ation is under biochemical regulation, we develop a hydrodynamic theory for
pattern formation in active fluids. Nonhomogeneous active stress profiles drive
fluid motion which transports diffusing stress regulators by advection. Based on
this principle, we present a mechanism for pattern formation in which a single
diffusing species up-regulates active stress, resulting in steady nonhomogeneous
flow and concentration profiles.We also investigate general pattern-forming be-
haviors of reaction diffusion systems embedded in active fluids. In particular, we
find that the presence of active stress-driven flow greatly expands the region of
parameter space in which patterns may form in classic Turing-type systems.
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Traveling Waves and Patches in Dendritic Actin Nucleation
Anders E. Carlsson.
The dynamics of cell edges are closely related to those of F-actin. Recent fluores-
cence imaging studies have shown that F-actin can spontaneously form traveling
waves ormoving patches at lowactin concentrations. I investigate possiblemech-
anisms for such phenomena by numerically simulating the "dendritic nucleation"
model of actin network growth. The simulations treat actin network growth on a 3
by3micron pieceofmembrane. They store informationabout actinfilaments sub-
unit by subunit, giving an explicit three-dimensional picture of the actin network.
The calculations include filament growth, capping, branching, severing, and ran-
dom thermalmotion. Thedynamicsofnucleation-promoting factors (NPFs) in the
membrane are also included: they diffuse in themembrane, and detach/inactivate
in the presence of F-actin. The simulations show three types of behaviorwhich are
"tuned" by the actin concentration: 1) traveling waves, 2) coherently moving
patches, and 3) random fluctuations with occasional moving patches. Wave for-
mation is favored by a long recovery time for NPFs which have been inactivated,
and by weakness of the attractive interaction between filaments and the mem-
brane. Low G-actin concentrations cause waves to break up into patches which,
however, move coherently. Similar effects are seen with increasing capping-
protein concentration. Diffusion of NPFs slows the waves, and, if fast enough,
stops them completely, resulting in the formation of a static spot.
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Segmentation and Tracking of Cytoskeletal Filaments Using Open Active
Contours
Matthew B. Smith, Hongsheng Li, Tian Shen, Xiaolei Huang, Eddy Yusuf,
Dimitrios Vavylonis.
We developed an interactive software tool to quantify cytoskeletal filaments im-
aged by fluorescence microscopy in two and three dimensions. Our software al-
lows users to visualize and record the position of filaments by implementing
a robust algorithm in conjunction with user interaction.We use open active con-
tours for segmentation and tracking of individual fibers.Open active contours are
parametric curves that deform tominimize the sumof an external energy derived
from the image and an internal bending and stretching energy. The external en-
ergy generates (i) forces that attract the contour towards the central bright line of
a filament in the image, and (ii) forces that stretch the active contour towards the
ends of bright ridges. Images of simulated semiflexible polymers with known
bending and torsional rigidity are analyzed to validate the method. Analysis of
simulated filaments illustrated the advantages and inherent limitations in repre-
senting filaments as a discrete series of points.We apply ourmethods to quantify
the conformations of actin in two examples.We calculated the persistence length
of actin filaments imaged by TIRF microscopy in vitro, and we segmented actin
cables in fission yeast imaged by spinning disk confocal microscopy.
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Visualizing the Dynamic Response of the Actin Cytoskeleton
Hedde van Hoorn, Thomas Schmidt.
Cells constantly sense the stiffness of- and forces exerted by their environment.
This information activates specific molecular and gene regulation pathways. In
order to visualize the dynamic process of mechanotransduction, Photo-
Activatable Fluorescent Proteins (PAFPs) are used to label proteins involved
in those pathways. Tracking PAFPs gives controlled information on motionof the proteins in space and time. The dynamic response to mechanical cues
of the actin cytoskeleton can thus be measured.
Dendra2 is a monomeric green-to-red convertible PAFP, which is especially
suitable for use in living cells. Its green state has an excitation peak at 490
nm and an emission peak at 507 nm. The photo-activatable red state has an ex-
citation peak at 553 nm and an emission peak at 573 nm. The number of acti-
vated fluorophores was controlled by varying intensity and illumination time of
photoactivation. Activation intensities at 488 nanometer ranging from 106 to
103 W/cm2 when applied for several milliseconds was sufficient to activate
the accessible range of fluorophore densities for single-molecule microscopy
from 0.01 to 1 molecules/mm2.
We have created a 3T3 fibroblast cell line that expresses actin-Dendra2. Indi-
vidual Dendra2 proteins and small clusters are observed as speckles by which
location is analyzed to an accuracy of tens of nanometers at video-rate. Succes-
sively Fluorescence Speckle Microscopy (FSM) was employed to quantify the
movement and (dis-)assembly dynamics of the actin cytoskeleton.
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Modeling Fission-Yeast Growth Partitioning and Oscillating Cortical
Cdc42 Populations
Tyler Drake, Maitreyi Das, Peter Buchwald, Fulvia Verde,
Dimitrios Vavylonis.
Polarity proteins mark two distinct, opposite regions of the fission-yeast cell
membrane. These regions provide sites for growth, andmaintaining them allows
the cell to keep its elongated shape over generations. We present evidence that
these regions compete for Cdc42, a growth precursor. A nonlinear-dynamics
model divides the Cdc42 population into three subpopulations–one at each
tip, one in the cytoplasm–and describes Cdc42 distributions by stable steady
states of the dynamical system. This model describes this competition with dif-
ferential equations that include autocatalytic accumulation and saturation of
Cdc42 at the cell tips. According to this model, short cells must be monopolar
and long cells must be bipolar, but cells of intermediate length could be either_-
stable monopolar and bipolar steady states coexist for intermediate lengths.
However these divisions depend on parameters, as illustrated by a phase dia-
gram. In addition to its polarization, we found that Cdc42 oscillates between
tips. We present a delayed-differential-equation model that adds delayed ampli-
fication of dissociation at the tips, and show that the complete model survives at
least three experimental challenges. First, we decrease the amount of Cdc42 by
removing its effector, Gef1; this leads to later bipolarity. Second, we probe the
coexistence region with actin-depolymerizing drug Latrunculin A; this shows
that longer monopolar cells can become bipolar following a disturbance. Third,
we calculate lower cross-correlations between tips in longer mutant cells; this
suggests a decrease in competition’s importance as cells grow further. We dem-
onstrate possible effects of noise on this model and speculate on the competitive
advantage gained despite the cost of maintaining active oscillations.
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Quantitative Image Analysis and Modeling of Actin-Dependent Chromo-
some Transport in Starfish Oocytes
Nilah Monnier, Masashi Mori, Nathalie Daigle, Jan Ellenberg, Peter Lenart,
Mark Bathe.
A dynamic filamentous actin (F-actin) meshwork in the nuclear region of starfish
oocytes is essential for chromosome transport to the spindle pole during meiosis.
To understand themolecular mechanism bywhich thismeshwork transports chro-
mosomes,wehavedevelopedcomputational imageprocessingmethods to analyze
high spatiotemporal resolution timelapse movies of the dynamics of chromo-
somes, inert beads, and F-actinfilaments in living cells during the congression pro-
cess.Anovelmethod for reliable 3Dtrackingof dynamic andamorphously-shaped
chromosomes extracts sub-pixel resolution chromosome (and bead) trajectories
with high temporal sampling, permitting analysis of theirmotion at a rangeof time-
scales. On long timescales chromosomes and beads exhibit directed motion with
velocities that increase linearly with their starting distance from the spindle
pole, consistentwith amodel of congression inwhich chromosomes are embedded
in a homogeneously contracting meshwork of contractile units anchored at the
spindle pole. We use Bayesian hypothesis testing to evaluate competing models
of diffusive motion superimposed on advective transport and find that on short
timescales chromosomes and beads exhibit confined/anomalous diffusion, sug-
gesting that they are transported by passive diffusion inside confined spaceswithin
the actively flowing actin meshwork. Finally, we use spatiotemporal image-
correlation spectroscopy (STICS) to probe the spatiotemporal dynamics of the ac-
tin meshwork flow field surrounding the choromosomes, revealing changes in the
actin meshwork velocity profile over time during the transport process. These
quantitative analyses support a novel chromosome transport mechanism in which
transport is accomplished by confinement of diffusing chromosomes within a dy-
namic actin meshwork that is organized into contractile units.
